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Abstract 
Mn0.3Mg0.2Zn0.5Fe2O4 and Mn0.3Mg0.2Co0.5Fe2O4 nanoparticles with particle diameters of about 13 nm 
were synthesized by glycol-thermal method. The as-prepared specimens were then milled at different 
times up to 50 h and the single phase spinel structure confirmed by X-ray diffraction. The properties 
for the as-prepared and milled samples for the two systems were deduced and contrasted. Significant 
changes induced by milling in particle size, magnetization, coercive field and hyperfine parameters are 
reported. 57Fe Mössbauer spectra at room temperature show ordered magnetic spin states in both 
Mn0.3Mg0.2Zn0.5Fe2O4 and Mn0.3Mg0.2Co0.5Fe2O4 by magnetization measurements.  
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1 Introduction 
Nanoferrites have a wide range of possible applications depending on their properties which are of 
interests to scientists and engineers. Structural, magnetic, electrical and chemical properties have been 
the subject of several studies. Examples of applications of nanoferrites include magnetic resonance 
imaging and magnetic fluid hyperthermia [1]. Nanoparticles have also been applied in the electronics 
industry in computers and telecommunication devices [2]. Nanoparticles have also been used as 
catalysts in chemical processes [3] and as sensors [4]. Several techniques are available to produce 
ferrite nanoparticles which include wet chemical methods such as forced hydrolysis [5], citrate 
precursor [6-8], micro-emulsion [9], sol-gel [10], hydrothermal and by solid state reaction using high 
energy ball milling. The composition and process steps have a great influence in the properties and 
shape of the nanoparticles obtained. Furthermore, the magnetic properties for example will depend on 
a variety of factors such as raw materials quality, material composition, synthesis and milling time and 
annealing temperature. The research in improving the synthesis methods and final products continues 
to date. In this work we report the X-ray diffraction (XRD), magnetization and 57Fe Mossbauer spectra 
of identical stoichiometric compositions of Mn0.3Mg0.2Zn0.5Fe2O4 and Mn0.3Mg0.2Co0.5Fe2O4 
nanoferrites particles after high energy ball milling. We are also interested in investigating changes in 
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properties due to Zn and Co substitutions. Zn ions are known to be non-magnetic or weakly magnetic 
while Co ions are strongly magnetic with large anisotropy. The original as-prepared compounds were 
produced by the wet chemical method known as glycol-thermal reaction and then milled for different 
times. 
2 Experimental details  
The starting raw materials namely: magnesium chloride (MgCl26 H2O), cobalt chloride (CoCl2 6H2
O), manganese chloride (MnCl24H2O) and iron (III) chloride (FeCl3 6H2O) hexa-hydrates in 
stoichiometric amounts, were dissolved in deionized water in order to obtain the desired composition. 
The as-prepared ferrite samples were produced following a procedure that we have reported elsewhere 
[11]. The dried products of Mn0.3Mg0.2Zn0.5Fe2O4 and Mn0.3Mg0.2Co0.5Fe2O4 were milled at different 
times to 50 h using a Retsch PM 400 planetary ball mill operated at a speed of 200 rev/min. The 
samples were milled in hardened steel vials with hardened steel balls. The ball–to–sample mass ratio 
used was 20:1. The XRD patterns of the samples were obtained using a monochromatic beam of Co–
Kα (λ = 1.7903 Å) (on Phillips (type: PW1710) and D8 Brucker Advance diffractometers). The 
Mössbauer spectra were recorded at room temperature (300 K) using a conventional constant 
acceleration Mössbauer spectrometer with a 57Co source sealed in Rh matrix. The magnetization 
measurements were recorded by using vibrating sample magnetometer (Lakeshore 735 VSM). 
3 Results and discussion 
The as-prepared single phase Mn0.3Mg0.2Zn0.5Fe2O4 and Mn0.3Mg0.2Co0.5 Fe2O4 compounds were 
collected for study after mechanical milling for 5, 10, 20, 30, 40 and 50 h. X-ray diffraction patterns 
for Mn0.3Mg0.2Zn0.5Fe2O4 and Mn0.3Mg0.2Co0.5Fe2O4 ferrites as a function of milling time are shown in 
Fig. 1. All the XRD peaks were indexed and assigned hkl  values according to the standard patterns 
(ICCD card no 22-1086 and ICDD card no 88-1943) for spinel ferrites. No significant impurity peaks 
are observed in most of the patterns. After about 30 hours of milling a small impurity in the Zn-based 
samples develop at $382 |T , which may be due to significant deformation induced by milling. An 
apparent impurity peak at $532 |T  has been confirmed to be caused by sample holder.  
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The grain size (or crystallite size D ) was calculated from the 311 XRD peak using the Debye-
Scherrer formula [5]. The values of D , lattice parameter a  and density calculated from XRD data 
are given in Tables 1 and 2. The particle size varies between 9 and 15 nm. The trend in particle size 
reduction for both series of compounds is similar as illustrated in Fig. 2 where significant reductions 
occur after about 10 h of milling. In Fig. 3 we show the hysteresis loops of Mn0.3Mg0.2Zn0.5Fe2O4 and 
Mn0.3Mg0.8Co0.5Fe2O4 ferrites as a function of milling time. The coercive fields CH  and 
magnetizations M  recorded at the highest field (about 14 kOe) are also presented in Tables 1 and 2. 
Their variations with milling time are illustrated respectively in Figs. 4 and 5. For the Co-based 
samples, there is a distinct increase in CH up to 20 h of milling after which a systematic decrease is 
observed. For this sample a more drastic change in M  after milling for 5 h occurs (from 65 emu/g to 
34 emu/g). For both Zn- and Co-based samples M  decreases gradually and Co-based having higher 
values. The reductions could reflect the effect of inversion of ions between tetrahedral and octahedral 
sites induced by milling. Fig. 3 (a) for Mn0.3Mg0.2Zn0.5Fe2O4 shows characteristic loops associate with 
superparamagnetic nature of the fine particles. In this case milling does not appear to affect the loops 
that much. For Co-based samples the coercive field are much larger at least 330 Oe compared to 30 Oe 
for Zn-based samples. The present results are indicative of higher anisotropy and magnetic moments 
associated with Co ions. The correlations between room temperature coercive fields and crystallite 
sizes are illustrated in Fig. 6 which shows significant differences between Zn- and Co-based samples.  
 
Figure 1: XRD patterns of a) Mn0.3Mg0.2Zn0.3Fe2O4 and b) Mn0.3Mg0.2Co0.5Fe2O4 as a function of milling time. 
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Table 1: Grain size (D), lattice constant (a), X-ray density (࣋), coercive field ( CH ) and magnetization 
for Mn0.3Mg0.2Zn0.5Fe2O4 as the function of milling time. 
Milling time (h) a (Å) ߩ (g/cm3)  D (nm) Hc (Oe) M (emu/g) 
 ± 0.003 ± 0.02 ± 0.08   
0 8.439 5.01 12.79 4.43 30.88 
5 8.418 5.04 13.02 6.37 30.44 
10 8.419 5.04 14.05 15.31 30.67 
20 8.408 5.06 12.87 23.91 28.27 
30 8.418 5.04 12.26 29.78 24.34 
40 
50 
8.409 
8.417 
5.06 
5.05 
10.93 
11.39 
30.19 
23.35 
21.01 
14.12 
 
Table 2: Grain size (D), lattice constant (a), X-ray density (࣋), coercive field ( CH ) and magnetization 
for Mn0.3Mg0.2Co0.5Fe2O4 as the function of milling time. 
Milling time 
(h) 
a (Å) ߩ (g/cm3)  D (nm) Hc (Oe) M (emu g-1) 
 ± 0.004 ± 0.03 ± 0.08 ± 5  
0 8.442 5.23 12.76 334 64.75 
5 8.386 5.33 12.68 334 34.33 
10 8.393 5.32 13.53 360 33.82 
20 8.400 5.30 12.82 410 34.29 
30 8.399 5.31 11.83 360 27.65 
40 
50 
8.397 
8.396 
5.31 
5.31 
10.64 
9.49 
361 
304 
31.35 
25.95 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
Figure 2: Grain size of  Mn0.3Mg0.2Zn0.5Fe2O4 and  Mn0.3Mg0.2Co0.5Fe2O4 as a function of milling 
time. 
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Figure 3: Hysterisis loops of a)Mn0.3Mg0.2Zn0.5Fe2O4 and b) Mn0.3Mg0.2Co0.5Fe2O4 as a function of milling 
time. 
Figure 4: Coercive fields of  
 Mn0.3Mg0.2Co0.5Fe2O4 plotted 
as a function of milling time. 
 
Figure 5:  Magnetizations of 
Mn0.3Mg0.2Zn0.5Fe2O4 
and Mn0.3Mg0.2Co0.5Fe2O4 as 
a function of  milling time. 
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Figure 6: Coercive fields CH  at 300 K plotted as a function of crystallite size D . 
 
The Mössbauer spectra for Mn0.3Mg0.2Zn0.5Fe2O4 and Mn0.3Mg0.2Co0.5Fe2O4 ferrites as a function 
of milling time are shown in Fig. 7. All spectra were fitted with two Lorentzian sextets and one 
doublet. The two sextets are associated with Fe ions located at tetrahedral (A) and octahedral (B) sites 
of the cubic spinel structure, while a doublet suggests Fe ions in paramagnetic states. The values of 
Mössbauer parameters for tetrahedral (A) and octahedral (B) sites are given in Table 3 and Table 4.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Figure 7: Mössbauer spectra of a) Mn0.3Mg0.2Zn0.5Fe2O4 and b) Mn0.3Mg0.2Co0.5Fe2O4 as a function of 
milling time. 
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Table 3: Values of isomer shifts (IS), line-widths (LW), hyperfine fields (H) and Fe ion fraction (f) for 
Mn0.3Mg0.2Zn0.5Fe2O4 as a function of milling time. 
 
Milling 
time (h) 
ISA 
(mm s-1) 
ISB 
(mm s-1) 
LWA 
 
(mm s-1) 
LWB 
 (mm s
-1) 
HA 
(Oe) 
HB  
(Oe) 
fA  
(%) 
fB  
(%) 
 േ0.04 േ0.05 േ0.3 േ0.2 േ5 േ4 ±8 ±8 
0 0.39 0.38 2.1 1.6 127 282 52 25 
5 0.39 0.36 1.6 1.1 222 372 51 30 
10 0.26 0.38 1.1 1.0 234 388 37 50 
20 0.24 0.36 0.9 1.0 236 395 30 55 
30 0.26 0.38 1.1 1.0 234 388 37 50 
40 0.26 0.53 1.1 1.2 245 413 29 39 
50 0.31 0.39 3.1 0.4 284 479 67 17 
 
Table 4: Values of isomer shifts (IS), line-widths (LW), hyperfine fields (H) and Fe ion fraction (f) for 
Mn0.3Mg0.2Co0.5Fe2O4 as a function of milling time.  
Milling 
time(h) 
ISA 
 
(mm s-1) 
ISB  
(mm s-1) 
LWA 
(mm s-1) 
LWB 
(mm s-1) 
HA 
 
(Oe) 
HB 
 
(Oe) 
fA  
(%) 
fB  
 (%) 
 േ0.04 േ0.02 േ0.08 േ0.05 േ6 േ͵ ±8 ±9 
0 0.31 0.31 0.44 0.27 459 486 49 48 
5 0.34 0.30 0.59 0.29 443 443 47 49 
10 0.38 0.31 0.59 0.36 432 432 36 61 
20 0.34 0.52 0.19 0.52 465 469 10 85 
30 0.41 0.32 0.76 0.35 424 476 43 46 
40 0.49 0.40 0.42 0.67 267 460 15 75 
50 0.34 0.37 0.50 0.64 463 463 75 60 
 
 
The values of hyperfine fields of Mn0.3Mg0.2Zn0.5Fe2O4 compounds are smaller compared to those of 
Mn0.3Mg0.2Co0.5Fe2O4. For each compound the higher hyperfine fields are attributed to the octahedral 
sites. In the Zn-based compounds there is a clear distinction between the fields at tetrahedral and 
octahedral sites. This is clearly illustrated in Fig. 8. 
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Figure 8: Hyperfine fields of Mn0.3Mg0.2Zn0.5Fe2O4 as a function of milling time. 
 
In Co-based samples some identical hyperfine fields are obtained on both A and B sites. This may be 
mediated by the effect of milling of more complex spin system due to the presence of magnetic Co 
ions. However, in both systems of samples the isomer shifts in the range 0.2-0.5 mm/s is consistent 
with Fe3+ ions on both A and B sites [12]. 
4 Conclusions 
Single phase formation has been confirmed for as-prepared and milled Mn0.3Mg0.2Zn0.5Fe2O4 and 
Mn0.3Mg0.2Co0.5 Fe2O4 nanoferrites. Milling appears not to have a big effect on lattice parameters and 
densities derived from XRD measurements. The lattice parameters are almost the same about 8.4 Å for 
the two systems before and after milling. More significant changes are observed in the crystallite sizes, 
coercive fields and magnetization before and after milling. Similar variations in particle sizes are 
observed up to about 40 h of milling. A clear distinction between Zn-based and Co-based samples has 
been shown with Co-based samples showing higher coercive fields and magnetizations as expected. 
The Mössbauer spectroscopy results show essentially Fe3+ ions distributed on both tetrahedral (A) and 
octahedral (B) sites in the spinel structure. Clear distinction between is also drawn between hyperfine 
fields at A and B sites in Zn-based samples while for Co-based samples the situation appears more 
complex because in some instances the two sextets have identical values.  
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